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AIR-FUEL RATIO DETECTION WITH 
VARIABLE DETECTION RANGE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an air-fuel ratio detecting 
apparatus and method Which is used for detecting oxygen 
concentration or other combustible gas (CO, HC, H2) con 
centration in gases such as an engine exhaust gas. 

2. Description of Related Art 
It is Well knoWn in the art to effect feedback control, by 

use of an oxygen sensor, of the air-fuel ratio of an air-fuel 
mixture supplied to an internal combustion engine e.g., to 
meet exhaust gas regulations and/or requirements for a 
reduction in fuel consumption. 

For such an oxygen sensor, a pumping current type or 
limiting current type Which uses an oxygen ion conductive 
solid electrolyte is used as exempli?ed in JP-B2 7-50070. 
With this oxygen sensor, a rich or lean air-fuel ratio (fuel 
rich condition or fuel-lean condition) is detected based on 
the How direction of electric pumping current of the oxygen 
sensor. A gain factor is then sWitched based on the detected 
current ?oW directions so that the oxygen sensor produces 
an electric output current varying in proportion to the 
concentration of oxygen or other combustible gas concen 
tration in the gas. HoWever, the air-fuel ratio detection range 
of such an oxygen sensor is limited, While the detectable 
range of air-fuel ratio is desired to be much Wider. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide an air-fuel ratio detecting apparatus and method 
Which is capable of detecting an air-fuel ratio in a much 
Wider detection range. 

It is a further object of the invention to provide such an 
air-fuel ratio detecting apparatus and method Without neces 
sitating complication in construction nor increase in produc 
tion cost. 

According to the present invention, an oxygen responsive 
sensor element is supplied With an operating voltage to 
produce an electric output current Which varies With oxygen 
concentration. The operating voltage is sWitched to shift the 
air-fuel ratio detection range in accordance With the electric 
output current from the sensor element. Alternatively, in the 
case of air-fuel ratio feedback control, the operating voltage 
may be sWitched in accordance With a target air-fuel ratio 
Which is set for the feedback control. 

Preferably, a current detecting circuit is connected to the 
sensor element and includes a plurality of resistors for 
current-voltage conversion. The resistors used for the 
current-voltage conversion are sWitched in accordance With 
the air-fuel ratio detection range. 
More preferably, the resistors of the current detecting 

circuit are grouped for detecting the air-fuel ratio in a Wide 
range and for detecting the air-fuel ratio at a speci?ed range 
Within the Wide range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the present 
invention Will become more apparent from the folloWing 
description made in conjunction With the accompanying 
draWings, in Which: 

FIG. 1 is an electric Wiring diagram illustrating an air-fuel 
ratio detecting apparatus according to an embodiment of the 
present invention; 
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2 
FIG. 2 is a How chart illustrating a current detection range 

setting process of a microcomputer performed based on 
air-fuel ratio control modes; 

FIG. 3 is a graph illustrating a relation betWeen an air-fuel 
ratio and a current detection range in each air-fuel ratio 
control mode; 

FIG. 4 is a table illustrating details of circuit construction 
of the embodiment of FIG. 1; 

FIG. 5 is a How chart illustrating a current detection range 
sWitching process of the microcomputer; 

FIG. 6 is a chart illustrating current detection ranges in the 
case of ?ve control modes or tWo control modes; and 

FIG. 7 is an electric Wiring diagram illustrating a modi 
?cation of the embodiment of FIG. 1. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

The present invention Will be described in more detail 
With reference to the accompanying draWings. 

In an embodiment illustrated in FIG. 1, an oxygen respon 
sive sensor element 30 uses an oxygen ion conductive solid 
electrolyte and mounted on an exhaust system of an engine 
(not illustrated) in Which the air-fuel ratio of its input air-fuel 
mixture is feedback controlled to a target air-fuel ratio in 
response to the oxygen concentration detected in the exhaust 
system. The sensor element 30 is connected to be controlled 
by a microcomputer 10, Which includes a CPU, ROM, 
RAM, input/output circuit and the like, through a digital 
analog (D/A) converter circuit 21 and an operational ampli 
?er 22 With resistors R1 through R6. The microcomputer 10 
is programmed to control the converter circuit 21 to provide 
the ampli?er 22, i.e., the noninverting input terminal (+), 
With a voltage (0V to 5V) Which is divided by the resistors 
R5 (10 K9) and R6 (40 The ampli?er 22 receives at 
its inverting input terminal (—) a poWer supply voltage (5V) 
through the resistors R1 to R3 (all 10 The ampli?er 22 
has the resistor R4 (10 K9) for negative feedback. The 
sensor element 30 is connected to the output terminal of the 
ampli?er 22 at one terminal 30a thereof to receive a voltage 
of —10V to 10V from the ampli?er 22. Thus, the voltage to 
the terminal 30a is varied in accordance With the target 
air-fuel ratio of the feedback control. 

The sensor element 30 is further connected at the other 
terminal 30b thereof to the inverting input terminal (—) of an 
operational ampli?er 23, and also to resistors R10 to R30 
Which is selectively connectable to the output terminal of the 
ampli?er 23 through a change-over sWitch 24. The resistors 
R10 to R30 are used to detect electric currents of the sensor 
element 30. PoWer supply voltages in positive and negative 
polarities V+ (12 V) and V- (—12 V) are divided by resistors 
R11 and R12, R21 and R22, and R31 and R32 to be 
selectively applied to a noninverting input terminal (+) of 
the ampli?er 23 through a change-over sWitch 25. The tWo 
sWitches 24 and 25 are so controlled by the microcomputer 
10 to contact the same terminals A, B and C of the tWo 
resistor netWorks (R10 to R30, and R11 to R32). With this 
circuit construction, the sensor element 30 is supplied at the 
terminal 30b With either one of —1 V, 2.5 V and 6 V as a 
reference voltage by the change-over operations of the 
sWitches 24 and 25. 

It is assumed that the microcomputer 10 controls the 
sWitches 24 and 25 to contact the terminals B to apply 2.5 
V to the terminal 30b of the sensor element 30 as the 
reference voltage and further controls the converter circuit 
21 to apply 2.9 V from the ampli?er 22 to the terminal 30a 
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of the sensor element 30. Under this condition, With an 
operating voltage of 0.4 V (2.9 V—2.5 V) being supplied 
across the sensor element 30, the sensor element 30 pro 
duces from the terminal 30b an electric output current 
corresponding to both the operating voltage of 0.4 V and the 
oxygen concentration in the engine exhaust system, i.e., in 
an response to actual air-fuel ratio of mixture supplied to the 
engine. The output current from the sensor element 30 at this 
time is converted into a voltage by the resistor R20 to be 
applied to the microcomputer 10 through an analog-digital 
(A/D) converter circuit 26. Thus, the microcomputer 10 in 
turn detects the results of the present actual air-fuel ratio 
from the digital value of the voltage across the resistor R20 
Which is proportional to the output current of the sensor 
element 30. 

In the engine, the air-fuel ratio of input air-fuel mixture 
should be controlled over a Wide range from the fuel-lean 
side to the fuel-rich side in order to meet various require 
ments such as reduction in fuel consumption and the least 
harmful exhaust emissions. This necessitates shifting of the 
target air-fuel ratio in the feedback control system, i.e., 
feedback control mode. In order to detect the air-fuel ratio 
over a Wide range by the use of the same sensor element 30, 
the microcomputer 10 is programmed to vary or shift the 
detection range of the sensor element output current, i.e., 
actual air-fuel ratio, based on the air-fuel ratio control 
modes, in such a manner as illustrated in FIGS. 2 and 3. 

In FIG. 2, it is ?rst determined at step 101 Whether the 
feedback control mode is in the lean control mode in Which 
the target air-fuel ratio is set to a lean air-fuel ratio for the 
reduction in fuel consumption. With the determination of 
YES, the current detection range for the lean control mode 
is set to 2.5 to 15 mA at step 102 as illustrated in FIGS. 2 
and 3. If the control mode is not in the lean mode (NO at step 
101), it is further determined at step 103 Whether the 
feedback control mode is in the normal control mode in 
Which the target air-fuel ratio is set to the stoichiometric 
air-fuel ratio for the reduction in noxious exhaust emissions. 
With the determination of YES at step 103, the current 
detection range for the normal stoichiometric control mode 
is set to —5 to 5 mA at step 104 as illustrated in FIGS. 2 and 
3. If the control mode is not in the stoichiometric control 
mode (NO at step 103), it is considered the rich control mode 
in Which the target air-fuel ratio is set to the rich air-fuel ratio 
for high engine load operations as Well as the reduction in 
the noxious exhaust emissions, and the current detection 
range therefor is set to —15 to —2.5 mA at step 105 as 
illustrated in FIGS. 2 and 3. 

In practice of this embodiment, shoWn in the table in FIG. 
4 are the poWer supply voltages V+ and V—, minimum and 
maximum input voltages to the analog-digital converter 
circuit 26, current detection ranges and Widths, reference 
voltages to the sensor element 30a, resistances of the resis 
tors R10 to R32, and positions of sWitches 24 and 25, for 
each air-fuel ratio control mode. Thus, by setting the three 
current detection ranges in correspondence to the three 
control modes (lean, stoichiometric, rich) as explained 
above, the output currents of the sensor element 30a can be 
detected over the Wide range of air-fuel ratios With high 
accuracy. That is, since the minimum and maximum input 
voltages to the analogdigital converter circuit 26 are deter 
mined to change in the same range (0 to 5 V) as shoWn in 
FIG. 4, the analog-digital converter 26 need not be of more 
than 16-bit type but may be of about 10-bit type. 
As illustrated in FIGS. 2 and 3, the microcomputer 10 

determines the control modes and changes over the current 
detection ranges in correspondence to the target air-fuel 
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4 
ratios of the air-fuel ratio feedback control. It may occur that 
the output current of the sensor element 30a deviates to more 
than or less than the set detection range due to changes in the 
engine operating conditions. To counter this, the microcom 
puter 10 is further programmed to modify the current 
detection ranges by the process illustrated in FIG. 5. 

In FIG. 5, the present actual air-fuel ratio is ?rst deter 
mined at step 201 from the detected value of the output 
current. Then, at step 202, it is determined Whether the 
detected current value resides inside an upper limit range of 
the presently set current detection range. The upper limit 
range is set to be about upper 10% of the present current 
detection range, i.e., Within an overlapping range of 20 to 
25% betWeen tWo adjacent current detection ranges of FIG. 
3. With the determination of YES at step 202, the presently 
set current detection range is changed over to the upper one 
at step 203. For instance, at the time the presently detected 
current reaches or rises above 4 mA entering the 10% upper 
limit in the range for the stoichiometric control mode, the 
detection range is changed over to the upper current detec 
tion range of the adjacent control mode, i.e., the lean control 
mode. In the same manner, the detection range is changed 
over from the rich control mode to that for the stoichiometric 
control mode if the presently detected current reaches or 
rises above —3.75 mA entering the upper 10% of the rich 
control mode. This detection range change-over is not 
effected as long as the presently set current detection range 
is already for the upper detection range. 

If the determination at step 202 is NO, on the other hand, 
it is determined at step 204 Whether the detected current 
value resides inside a loWer limit range of the presently set 
current detection range. The loWer limit range is set to be at 
about the loWer 10% of the present current detection range, 
i.e., Within an overlapping range of 20 to 25% betWeen tWo 
adjacent current detection ranges of FIG. 3. With the deter 
mination of YES at step 204, the presently set current 
detection range is changed over to the loWer one at step 205. 
For instance, at the time the presently detected current 
reaches or falls beloW —4 mA entering the 10% loWer limit 
range in the stoichiometric control mode, the detection range 
is changed over to the loWer current detection range of the 
adjacent control mode, i.e., rich control mode. In the same 
manner, the detection range is changed over from the range 
for the lean control mode to that for the stoichiometric 
control mode if the presently detected current reaches or 
falls beloW 3.75 mA entering the loWer 10% range of the 
lean control mode. This detection range change-over is not 
effected as long as the presently set current detection range 
is already for the loWer detection range. 

In the event that the determination at step 204 is NO, the 
detection range used at step 201 is maintained. In the process 
of FIG. 5, no change-over is made as long as the presently 
set current detection range is in the lean control mode and in 
the rich control mode even When the presently detected 
output current enters the upper and loWer 10% limit ranges, 
respectively. 

Although three current detection ranges are set for the 
lean, stoichiometric and rich control modes in the foregoing 
embodiment, the number of the ranges may be increased to 
?ve or reduced to tWo as shoWn in FIG. 6. In the case of 
setting ?ve detection ranges, the current detection ranges 
may be set to correspond to such ranges for a leaner control 
mode (A), normal lean control mode (B), stoichiometric 
control mode (C), normal rich control mode (D) and richer 
control mode (E), respectively. According to this setting, 
even a very lean air-fuel ratio Which Will occur at the time 
of fuel cut-off operation due to engine deceleration can be 
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detected in the current detection range for the leaner control 
mode In the case of setting tWo detection ranges, the 
current detection ranges may be set to correspond to such 
ranges for a lean control mode and rich control mode 
(G), respectively. In each case, the change-over betWeen the 
adjacent tWo detection ranges may be made in the same 
manner as in the abovedescribed embodiment. 

Further, as illustrated in FIG. 7 as a modi?cation of the 
embodiment of FIG. 1, another current detecting resistor 
R40 (50 Q) may be connected to the sensor element 30 so 
that the change-over sWitch 24 may be connected thereto to 
detect the output currents in the range of 50 to —50 mA 
Which corresponds to the range for the entire air-fuel ratios. 
In the case that the resistor R40 is used, the sWitch 25 should 
be connected to the terminal B. The resistor R40 is best used 
When the resistor R10 or R40 can not detect the output 
current accurately. Such a case includes an air-fuel ratio 
detection at the time of engine fuel cut-off operation or the 
like. 

Still further, the current detection range may be sWitched 
over or shifted not by the actually detected current value but 
by the target air-fuel ratio. 

It is to be understood that the present invention may be 
modi?ed in many other Ways Without departing from the 
spirit and the scope of the invention. 
What is claimed is: 
1. An air-fuel ratio detecting apparatus comprising: 
a solid electrolyte sensor element disposed to produce an 

electric current corresponding to a gas concentration to 

be detected; 
a voltage supply disposed to apply a ?rst voltage varying 

With a target gas-fuel ratio to a ?rst terminal of said 
sensor element and a second voltage varying With a 
current detection range to a second terminal of said 
sensor element to thereby supply said sensor element 
With an operating voltage; 

a current detector disposed to detect an electric current 
produced by said sensor element; and 

a sWitch connected to sWitch said second voltage thereby 
to shift the current detection range of said current 
detector. 

2. An air-fuel ratio detecting apparatus according to claim 
1, Wherein: 

said sWitch shifts said current detection range in response 
to at least one of:(a) said detected electric current, and 
(b) said target air-fuel ratio corresponding to said ?rst 
voltage. 

3. An air-fuel ratio detecting apparatus according to claim 
1, Wherein: 

said sWitch is arranged to shift said current detection 
range from one range presently used to another adja 
cent range When the detected current enters a prede 
termined limit range of said one range. 

4. An air-fuel ratio detecting apparatus according to claim 
1, Wherein: 

said sWitch is arranged to shift said current detection 
range from one range presently used to another range: 
(a) ?rst When a target air-fuel ratio is changed and (b) 
then When the detected current enters one of: an 

upper limit range of said one range and (ii) a loWer limit 
range of said one range. 

5. An air-fuel ratio detecting apparatus according to claim 
1, Wherein: 

said current detector includes a plurality of resistors for 
current detection and sWitches connected to sWitch said 
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6 
resistors from one to another based on said current 
detection range. 

6. An air-fuel ratio detecting apparatus according to claim 
5, Wherein: 

said resistors are divided into a ?rst group adapted for 
current detection in a predetermined range and a second 
group adapted for current detection in a speci?ed range 
Within said predetermined range. 

7. An air-fuel ratio detecting apparatus according to claim 
5, Wherein: 

said current detector includes resistors Which are sWitched 
to reduce said electric current detecting range for a 
stoichiometric air fuel-ratio control mode as compared 
to other air-fuel ratio control modes. 

8. An air-fuel ratio detecting apparatus according to claim 
1, Wherein: 

said sWitch includes voltage divider resistors for variably 
dividing a predetermined supply voltage to provide said 
second voltage. 

9. An air-fuel ratio detecting apparatus according to claim 
1, Wherein: 

the voltage supply varies said ?rst voltage in accordance 
With sWitching betWeen feedback control to a stoichio 
metric air-fuel ratio mode and a lean air-fuel ratio 
mode; and 

said sWitch varies said second voltage in response to 
sWitching betWeen said feedback control modes. 

10. An air-fuel ratio detecting apparatus according to 
claim 9, Wherein: 

said sWitch includes voltage divider resistors variably 
dividing a predetermined supply voltage to provide said 
second voltage; and 

said second voltage is sWitched to be higher for said 
stoichiometric air-fuel ratio feedback control mode 
than for said lean air-fuel ratio feedback control mode. 

11. An air-fuel ratio detector having selectable different 
Width measurement ranges Which nevertheless have com 
parable detection accuracy, said detector comprising: 

a solid electrolyte gas sensor; 
a selectively variable operating supply voltage generator 

connected across said sensor and including selectable 
different ranges of operating voltage to be applied to the 
sensor; 

selectively variable resistance connected in circuit With 
said sensor to carry an electrical measured sensor 

current proportional to the current produced by said 
sensor; and 

a sensor controller connected to coordinate changes in 
said operating voltage and said resistance so as to 
maintain the accuracy of said measured sensor current 
as the range Width of sensor operation is changed. 

12. An air-fuel ratio detecting method comprising the 
steps of: 

supplying a solid electrolyte oxygen responsive sensor 
element With an operating voltage varying in accor 
dance With a target air-fuel ratio to Which a combustible 
mixture is feedback controlled, said sensor element 
producing an electric current corresponding to an oXy 

gen concentration; 
converting said electric current from said sensor element 

to a detection voltage by a resistance; and 
determining an actual air-fuel ratio from said detection 

voltage; and 
sWitching to select different values of said operating 

voltage and said resistance When the target air-fuel ratio 
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is switched from one in a ?rst predetermined range to 
another in a second predetermined range, said sWitch 
ing requiring said detection voltage to vary Within the 
same voltage range irrespective of the change in said 
target air-fuel ratio. 

13. An air-fuel ratio detecting method comprising the 
steps of: 

supplying a solid electrolyte oXygen responsive sensor 
element With an operating voltage varying in accor 
dance With a target air-fuel ratio to Which a combustible 
mixture is feedback controlled, said sensor element 
producing an electric current corresponding to an oXy 

gen concentration; 
converting said electric current from said sensor element 

to a detection voltage by a resistance; 
determining an actual air-fuel ratio from said detection 

voltage; and 
sWitching to select different values of said operating 

voltage and said resistance When the detection voltage 
reaches a predetermined limit Within a predetermined 
detection range, said sWitching requiring said detection 

8 
voltage to vary Within the same voltage range irrespec 
tive of a change from one predetermined range to 
another. 

14. A method of detecting an air-fuel ratio over selectable 
different Width measurement ranges Which nevertheless 
have comparable detection accuracy, said method compris 
ing: 

selectively varying the operating supply voltage across a 
solid electrolyte gas sensor betWeen selectable different 
ranges of operating voltage; 

selectively varying a resistance connected in circuit With 
said sensor to carry an electrical measured sensor 

current proportional to electrical current produced by 
said sensor; and 

coordinating changes in said operating voltage and said 
resistance so as to maintain the accuracy of said mea 

sured sensor current as the range Width of sensor 

operation is changed. 


